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54) COMPILER DEVICE AND LOOP OPTIMIZING CONTROL METHOD 

57)Abstract 

PURPOSE: To perform the loop optimizations worth executing on the condition that the 
>erformance is improved and in a combination for performance improvement without 
ndividually executing plural loop optimizations. 

CONSTITUTION: Characteristics or program/hardware are analyzed by a loop 
>ptimization control part 20, and optimization groups which should not be simultaneously 
>perated or require restrictions for simultaneous operation are recognized based on the 
inalysis result to determine whether plural optimization items should be executed 
espectively or not, and the execution condition for execution and the execution order 
if optimizations are determined. Thereafter, loop optimizations are executed by a loop 
leforming part 30 in accordance with the execution order and the execution condition 
letermined for optimization items to be executed. 
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fg$ntl^eii:§^gano ^LT, 07 (A) 

^, 17 (b) (c*-r«t5&;i<-^«iii««5 l -^;wc 
-;/;kd» i n \z m&mmfctmft-r zmz &?m& l 

[0 0 6 5] yn^AATtt, ;i/-y-T>n-'J> 
<D)V-7- 7>D-U>^***M«*ftTV>*>&>£^»£ 

[0066] •afta5tMffi7-^4>oafiKft€rftMi 

So 

[0 0 6 7] 01—7 • U^y3>/V7h«)x7 • 
h^x7 ■ /Hy7^>^SSd:ihy • 7>D- 

[0 0 6 8] )V—7 • *)?9*sb>, V7h^x 

7 •/t<7 p ^^^>^l^^(C^S^n^®^tCfi (7 

SC(1) CDf!!&<i=UNROLL 1 
■ BASE : ^-y^ htteZ>-?z/>\Z&WZ&W}'h®l 
&M<Df*&Zf&<mimW (ex. fadd, fault, fsub) 

[0 0 7 2] .A%B:ASBTMofc*0. & 



14 



>^iEa«^l:BV7h»>x7 - W?7<1 — >if<D 
[0 0 6 9] 7>n-iJ>if»Mt, ^Djf7A*if- 

J0 >D-U>^ft (60) j&tJUtiSn*. £0D7>D-»J 

>^im, ®7 (b> fc^-r^K. ju-^wwiwbt- 
s. yp^^AATB, sea) oin&te, opmx 

X^W^*ai»*TftS7yD-U>yftUNROL 
L l**©SS£-r. fciKU u©UNROLLl*» 

^yaWi^n^ofctl/T, 7>D-U>^ 

[0 0 7 0] SC(D ©OPTtfioMft^tfci^o 

<« 77 h->x7 • /H^7-f-y WS^nfcd^ 
<D7>n-»J>iffttt f »»/MRjaS!a)|»*&|»<BgflU 
RffO^ffieW<Z>S*tf[<0«ft, ^UNROLL 1 & 
8Aft^«ta:4 (TIBco^(4) #H» 0 fcfcU 
J0 ^yaXDi&tlft 7>P-'J>^&UNROLL 

Hvx7 «/H^ =>2toae4M:fcl. 
V7 hvx7 • /H/7^>Wfi^te^of;t 
IT, 7>D-U>^IslS(0^-->^jSttS»« 

^<UNROLLl«(Z)3i*aftI(>:^, ^tl^W 
\t, 5£(1) OUNROLL 1 fcUNROLL2fc:**LT 
**H«£»tf. UNROLLl^BlSiAfcS 
40 Wt<0«/Mi. UNROLL 1 (hUNROLL 2 

L L 1 £jgf o 

[0 0 7 1] (77hOx7 • /H^7^>W8 
-UNROLL 1 %BAS E (4) 

50 -7 - 7>o—V>ff, fr--? 3 >t^?n 
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[0 0 7 3] ;U-^*»«3 0»4, JP-^MWW*^- 
D, H4 (B) (Dck^tC, *-T, 6fiSM<Z>7>D-U 

-y- u >* H4 t ^TRWts. 

^ • U^ya >tt, I344 1 ^7 P D^^AA<7)Q = Q + 
A (I) tlJ3/t^->S^tf;P-y*«T>D-U>y 
Sn&£*. f©2^I£»OQI:»LTQ-Qo (a 
tt7>D-U>^» (6) -1) t^3W*ftU*-5 

mtStLZ* fc«U C<DffiIE^31^bT, assies 
Qa = 0t^3«J»*An f ;i/-:/©»fcQ = Q + £Q 

fa) c *fc, no^— ^oaoliiEJRKtt, Tree Heigh 
t Reduction 1:^:084 (C) Ktk"^— 7- x )99i^ 

[0 0 7 4] i^bfc7>O-U>^S<0^-->^ 

8^45^T, SPIlV7h , >i7'/M^->y, 
r e tteFUNCOPfttt «fflShft7>o-'J>^ 
ft) **"T. *&. MAX (A, B) 14A, Btf>§* 
ft MIN (A, B) «A, BOi/hi^gfiST* 

So 

[0075] ®*r, u^v3>«$n^-y 

L L 1 tfBlfl 1 JEt±T&n«, UNROLLl^SI 
<h LTiI"T . 4? 
[0 0 7 6] 0*C, V7h^x7»/H^r>y 

• /Wy^~>^>tnJ-c, dOUNROLL l^Kfifi 
L^BASER±T*ntf, (UNROLL 1-UNR 
OLLUBASE) ^Biftffl<bLTjg-ro 

[0077] ® u >?&^m2nrc)i-7\zft-? 

Z&mtLT, U*-5>^nl7?*ntf. UNROLL 
l£MftM<hLTig?-o 

o f &T<Dmm*ftoo so 
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i0 

[0 0 7 8] • UNROLL l**Hfi2<fc0*#ltft 
tf, UNROLLl(hUNROLL2(D^^/jN$W3a 
ftHft«iLT*r. 

•UNROLL2*Wi2KT©16, UNROLL 1 
fcUNROLL205%*«^B5WI:ifcLTB 
To 

[0 0 7 9] -fnW^diUNROLLl^ 
ftffichLTig-To 

mz.&'&Jkojv-'/mmMzz *>iz*%w\z&z>)i 

[0 0 8 0] 1. ^-^rt»0)aW**J:««fflSC»^ 
;l^^-7>D-U>m-S«ST, )V 
-~7* *)#2i'B>^ZZrt2—>ffi)V--7Wz\jm\s 

»j<o**i;:ltls5£. ;p-yrtT«fflans*ft*« 
t, mmz&mui?x*&&mmznMthzz.ttfi'*im 

[0 0 8 1] 2. ±Bl£ffi!lT. -tn-Fni4**<o 

l^WT^tf&ck^tt^-^JtLT, 7>n 
-U>2/, j]/-^« •J^'>3>SHBi:limt, 
^tf^«:*J«r U^>- 
3>£MUfcU y • 7>D— U>^(D^£^f2U 

^y3>iV7h»)i7 • K-fZfU-Zstffrmmizm 

fT^mtsnztz, mmizMft-tztfrjL-DT&mAm 

[0 0 8 2] 3. WAtf, :/• 7>U— U>£/. ;u 

n 3 <fc 5 a ffilff) J&* pJ fig \Z & Z> o 
[0 0 8 3] 4. ^^TO7>P-'J>^^H, 

[0 0 8 4] 5. KV^Xt*^ v-f XU^JW* 
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[0 0 8 5] ±iaJB@»^ICckt), &M<D7a?7 

[0 0 8 6] 'J^ 
«*. Q = Q+ a (a(i£&T?fc^) tUvB-ViUmL, 

[0 0 8 7] 

tzmmittm ^z^wL$>oz.t\z^x, mmit<o%) 
&tfm*tzt3iz,£. o ics* ommfc&mm/m±?z> ~ 

F*^fiKt?€-5J;^ICfj:-5„ $e,lc, >fif?8fl? 

[0 0 8 8] • 'J^y3>©M^t)^f 

•5. 

[0S»flS^^^] 

[Hi] *%w<oipa^®Tfe«.. 

[02] ttmztozjv--? > uy^v3>ocsi©iKW 

[0 3] *%w<D&mmz£z>)\s-7mmibi$0mm7 



18 



[04] *^®sissesiic<t^.sji{bw0ii^^-r0T* 

•5. 

[0 5] ^^coHJSCTlci-S^-ySjifcgPcoi!)^ 
oiftHj0T*s. 

[0 6] *5m<D$mm\z&^Tm^t>nz>7-—7)i<n 
[0 7] ^^oiisswicjo^Tffl^ensa— y;u© 

^2:^-r0Tfe-5. 
10 [08] *^WO^iS«lC*5lt-5T>D-U>y»<7>5 1 
a-- ilTWS F U N C Wffi?iittBJ0T?* 4. 
[09] S£3tE©;U-y • 7>D-U>yc«fciSigfb<7) 

[0io] {^®u*-5>?£J:sftra<8M0>K9i 

0T&5. 

[011] «*©V7 h-717 • /Wy^-fn^yicJ; 
[012] f£*OV7h , >x7-/Wy5-f = >yir«fc 

20 maoism 
i o saags 

1 1 3>A-f? 

12 7D>hX> KSR 

1 3 7djf?2»K&!HHV 

1 4 Jl—:/g»bgB 

1 5 U^X^SJOtttf-ffi 

16 *^X^> ; 3.-'J>yg6 

1 7 3- 

2 0 JU-7"S31ft;$WgE 
JO 2 1 ^y>3>1f«»»fg6 

2 2 A-h*-}i7t?H8flWffl$ 

2 3 •7n>f9J>mmi 

24 *-:/jtBfcffittft£as 

3 0 JU-^I 



II 0] 



<A> 



(B) 



A 




X 1 




B 




X 1 


X 2 




A 




X 2 




B 


A 




X3 




C 




X3 


X U 




A 




X* 


— 


C 


A 




X 5 




A 




X 5 




i 
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IH1] 



\ o 



| 70 > H> KB 








r ^ a 


m m m « a 









3 > 5 



1 5 



ft^ * * y i - 
y v * si 



1 7 



n - K £ JS S 



-2 0 



,3 0 



1 S s? 



-2 1 
2 2 
3 
4 



(A) 



<8) 



[02] 

• <J5'*£'s>4>*l«>RUB 



DO I 


* 1 




i o o, a 


q 


■ Q 




A ( I ) 


Q 


- Q 


+ 


A ( I ♦ 1 ) 


Q 


= Q 


* 


A ( I + 2 ) 


Q 


- Q 


♦ 


A ( I ♦ 3 ) 


BHD 


DO 







Ql " Q2 


- Q3 = 0 




DO 1-1, 


1 0 0. 4 




Q = 


Q * A ( I ] 




Ql - 


Q 1 ♦ A ( I ♦ 


1 ) 


Q2 - 


Q 2 + A ( I ♦ 


2 ) 


Q3 - 


Q 3 + A ( I ♦ 


3 ) 


END DO 






Q * 


Q ♦ Q1 




Q2 = 


Q 2 + Q 3 




Q = 


Q ♦ Q2 





(A) 



program A 

DO 1=1,100,1 
P=A(I) 

A|I]=B(I)+C(I) 
B(I}«P+A(I) 

END DO 



Loop Unroll ingft 
0=0 

DO 1=1,100,6 
P=A<I) 

A(I)=B<I)+C(I) 
B(I)=P+A(I) 
Q-Q+CU) 
P=A(I+1) 

A<I + l)=BU+mCUH) 

B<I+1)=P+A<H-1) 

0«KHC{I+1) 

<MHC(I+2) 

Q=0+C(I+5) 
BHD DO 



CO. 



Loop Reduction^ 

Q1=0 
Q2=0 



05=0 

DO 1=1,100,6 
P«A(I) 

AU)=B<I)+C<I) 
B(I)=P+A{I) 
Q=Q+C(I> 
P-A(I+1> 

A(Ifl)«B(I+l)+C(I+l) 

B(IU)«P+A|I+1) 

Q1-Q1+CII+1) 

Q2-Q2+CU+2) 

Q5«Q5+C(I+5) 
END DO 
Qi=Ql+Q2 
04=Q4+Q5 
Q -0 +Q1 
Q3-03+O4 
Q -0+Q3 



(C) 



(A) 



[06] 





3 


ft»t 


0x0007 





32 




32 









0x0003 


7iztt t r a - # jl/**lfeg*> W y * * & 


3 




4 




0 




0 
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[03] 



20 



i 



21 



► etc. 



I 
I 

♦ 




etc 



etc 



23 



-30 



6 



0 



0— 



I 



r— ••••—•« — • 

etc. I 



! ^ *7yg>IMIWT»5ftfct 
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[05] 



.20 



21 



*+?*i1K;C*B» etc. 

^23 



^-y. i/??-> 3 >, )\ f - 



.24- 



iju-^«7>p-';>^ 



30 



7>n-y>7£Hte 
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[07] 



,\ 

X v 










1 >N 
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CD 


? 

o 


«=> 
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[0 9] 



(A) 





M 








AS 










ft 
























ft 








o 










*s 










#\ 










II 






























^ 




1 


m 




V 

V 

-«» 




n 














*N 


K 




K 




A 


H 








ft/ 




* 


) 


1. 


1 

*r 


_z_ 






3 







(B) 



DO I 


= 1 


, 10 0, 1 


Q 


- <J 


* A ( I) 


END 


DO 




\|J/ 


DO I 


» 1. 


1 0 0. * 


Q 


« Q 


* A ( I ) 


Q 


= Q 


♦ A ( I ♦ 1 ) 


Q 


- Q 


* A ( I + 2 ) 


Q 


- Q 


♦ A ( I + 3 ) 


END 


D 0 





[138] 

func*) blahs 



if v) > a *a uimoLLi D 

rot - 0NRQLL1; 
else 

/♦ s p **as ♦/ 

if (S PUI ft* UNROLL 1 25 BASE) 
ret « UNKOLLl-UNROLL 1XRASE ; 
else 

if CJ^-^V^BJ) 

ret * UNROLL 1; 
else 

if (UNROLL 1 >J8HS 2) 

ret - HIH< UNROLL 1, UMR0LL2); 
eloe 

if (UNR0LL2 £Bgtt 2) 

ret = MAX(UNR0LL1 , UNROLL 2) ; 

else 

ret = UNROLL 1; 

/♦ F0HC«>K»tfi<7>tJ-iJ >7$0 */ 
return ret; 
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CA) 



(B) 



11 LOAD 

12 MULT 

13 LOAD 

aw 

16 LOAD 

17 MULT 
ADD 

ST 



21 LOAD 

SBH 

24 MULT 

25 ADD 

28 ADD 

29 ST 

31 LOAD 

32 MULT 

33 LOAD 

34 MULT 

35 ADD 

36 LOAD 

37 MULT 

38 ADD 

39 ST 

41 LOAD 

42 MULT 

43 LOAD 

44 MULT 

45 ADD 



„ ADD 
49 ST 



11 LOAD 


— + 


21 LOAD 


1 LI 


31 LOAD 


1 


nm 


— + 


22 MULT 


~~] Mi 


32 MULT 


1 


42 MULT 


— + 


13 LOAD 


— + 


23 LOAD 


1 L2 


33 LOAD 


1 




— + 


24 MULT 


1 M2 


34 MULT 


1 


44 MULT 




15 ADD 




25 ADD 




35 ADD 




Mad 




26 LOAD 




36 LOAD 






¥ 


%W 


— + 


27 MULT 


I M3 


37 MULT 


I 


UW 




28 ADD 




38 ADD 




48 ADD 




19 ST 




29 ST 




39 ST 




49 ST 


— + 
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[HI 2] 



<A> 



Loop: 












1 L 1 








2 L 2 


M 1 






3 L3 


M 2 






4 




A \ 




5 


M3 






6 




A2 




T S 1 













L 1 
L 2 
L3 


M 1 
M2 


A 1 












S 1 


M 3 


A 2 


L r 

L 2' 
L 3 1 


m r 

M 2' 


A 1* 










S l« 




M3 f 


A T 






<C) 
















L 1 
L 2 
L3 


M 1 

M 2 


A 1 












L V 
L 2* 
S 1 
L3* 


M3 
M V 
M V 


A 2 

a r 












s i« 


M 3' 


A 2* 








xt^n-^ 
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